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Abstract

:

In this article, we explore the concept of coregulation, which encompasses the mutual adaptation between partners in response to one another’s biology and behavior. Coregulation operates at both biological (hormonal and nervous system) and behavioral (affective and cognitive) levels and plays a crucial role in the development of self-regulation. Coregulation extends beyond the actions of individuals in a dyad and involves interactive contributions of both partners. We use as an example parent–child coregulation, which is pervasive and expected, as it emerges from shared genetic relatedness, cohabitation, continuous interaction, and the influence of common factors like culture, which facilitate interpersonal coregulation. We also highlight the emerging field of neural attunement, which investigates the coordination of brain-based neural activities between individuals, particularly in social interactions. Understanding the mechanisms and significance of neural attunement adds a new dimension to our understanding of coregulation and its implications for parent–child relationships and child development.
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1. Defining Coregulation


Psychologists, psychiatrists, ethologists, and researchers studying interpersonal relationships and human development have used various terms to describe the special nature of well-functioning dyadic relationships, including bidirectionality, coaction, coherence, concordance, contingency, coordination, covariation, harmony, intersubjectivity, matching, mirroring, mutuality, reciprocity, responsiveness, and synchrony. In this article, we use the term coregulation to capture the adaptation of partners in adjusting to each other’s biology and behavior. Coregulation is defined as the continuously unfolding individual attributes and actions that are susceptible to being modified by the changing attributes and actions of a partner [1].



Coregulation operates at both behavioral (affective and cognitive) and biological (hormonal and nervous system) levels and involves the transacting contributions of partners, superseding individual actors in an interaction. Coregulation is dyadic, dynamic, and holistic. Coregulation is believed to have deep roots in evolution and physiology. In this article, we focus on parent–child coregulation for illustration purposes. So, for example, many theorists have argued that parents are biologically predisposed to intuitively attune to their infants, and infants, in turn, are biologically prepared to engage in and expect attuned interactions with parental caregivers [2,3,4,5,6,7].



Coregulation involves bidirectional linkages between partners in recursive patterns [1]. Not all aspects of our abilities to share experiences and exhibit synchronous behaviors in interactions are necessarily conscious. Some coregulation processes unfold slowly or occur quickly without comprehension [8]. Statistical tests of dependence support coregulation, which is based on associations but cannot always unpackage direction of effects between members of a dyad. Concordance [9] represents covariation in partners’ rank-order status, whereas similarity [10] describes equivalent mean levels of specific constructs, structures, functions, or processes between partners. Another perspective on coregulation focuses on contingency, which touches on mutual causality [11].



Importantly, coregulation serves as a critical precursor to self-regulation. Because human infants are highly dependent on caregivers for survival, the emergence of self-regulation primarily occurs within a relational developmental context. The capacity for self-regulation emerges from coregulatory processes between the self and parent–infant interactions [12]. Thus coregulation between parent and child involves the coordination of biological and behavioral systems that support the development of the child’s own regulatory systems. While the literature has primarily focused on the regulation of the child by the parent, both parent and child play essential roles in coregulation. This article explores a multilevel approach to parent–child coregulation, drawing on examples of hormonal, autonomic and central nervous system, and behavioral coregulation between parents and children, ranging from inner processes of hormonal, physiological, and neurological coregulation to manifest levels of behavioral coregulation.




2. Hormonal and Sympathetic Nervous System Coregulation


Several hormones are implicated in neuroendocrine processes of parent–child coregulation. A hormone is a signaling molecule that originates from glands in the body. Hormones travel through the circulatory system, reaching distant organs and tissues to regulate a wide range of physiological processes and activities. These include metabolism, reproduction, growth and development, movement, respiration, digestion, tissue function, sensory perception, sleep, excretion, lactation, the stress response, and mood regulation [13]. Two examples of hormones and an enzyme that are sympathetic nervous system biomarkers involved in parent–child coregulation are oxytocin, cortisol, and alpha-amylase.



Oxytocin is a peptide hormone and neuropeptide normally produced by the hypothalamus and released by the pituitary. Oxytocin plays a role in social bonding and childbirth [14]. Higher levels of oxytocin are generally associated with more sensitive and synchronous parental behaviors in mothers and fathers [15]. In a prospective longitudinal study, cohabitating mothers and fathers and their firstborn infants were visited at home during the first postpartum weeks and again after 6 months. Maternal oxytocin was related to maternal-typical affectionate parenting, including infant-directed speech, expressions of positive affect, and loving touch [16,17,18,19]; paternal oxytocin was related to paternal-typical interactions with infants, such as proprioceptive contact, tactile stimulation, and object presentation [20,21]. Notably, maternal oxytocin was unrelated to fathering behaviors, and paternal oxytocin was unrelated to maternal behaviors. A study by Cataldo and colleagues [22] investigated relations among oxytocin receptor gene (OXTr) variations, parental bonding, and prefrontal responses to infants and adults’ cries using near-infrared spectroscopy (NIRS is a non-invasive technique used to measure changes in oxygen levels, and it is commonly employed with infants and children to assess brain activity during various tasks or medical conditions; despite its usefulness, NIRS has limitations, such as shallow penetration depth and susceptibility to motion artifacts, which need to be consid- ered in its interpretation). Cataldo and colleagues [22] found that specific allelic variations of the oxytocin receptor gene polymorphisms regulate physiological modulation of human behavior, especially concerning responses to social cues and affiliative behaviors. The study included 102 young adults who were assessed for OXTr rs53576 and rs2254298 genotypes, recalled parental bonding using the Parental Bonding Instrument—PBI [23], and had their neural responses to social stressors recorded with NIRS. The results revealed that individuals with a higher genetic susceptibility (G/G homozygous) to environmental factors and positive early life interactions exhibited greater promptness to action to general social cues. Furthermore, the dimensions of parental bonding had lateralized effects on prefrontal cortex activation. Greater activation was observed in the right prefrontal cortex for the Care subscale of the PBI, which examines the extent to which affection and sensitive parenting were perceived to be provided by both parents, highlighting the importance of positive caregiving experiences. In contrast, activation in the left prefrontal cortex was associated with overprotection (a dimension of parental bonding characterized by excessive control and overbearing behavior towards the child, also measured using the PBI, suggesting a distinct neural response related to this dimension of parental bonding). This study by Cataldo and colleagues [22] This study provides evidence that genetic variations in the oxytocin receptor gene and the quality of parental bonding contribute to individuals’ neural responses to social cues and stressors. Oxytocin is also released in nursing infants, and oxytocin levels in 4- to 6-month-olds increase after interactions with caregivers, with higher levels related to greater parent–child affective synchrony and social engagement [24]. Oxytocin coregulation illustrates one type of hormonal attunement between parent and infant.



Cortisol, a steroid hormone synthesized by the adrenal gland, is released in response to stress. Its primary functions include raising blood sugar levels, suppressing the immune system, and facilitating the metabolism of fat, protein, and carbohydrates [25]. Individual differences in cortisol levels are associated with psychological stress, arousal, and negative emotionality [26]. Cortisol levels rise during pregnancy to increase vigilance. Higher cortisol levels on postpartum days 3 and 4 are associated with maternal approach behaviors and positive attitudes [27,28]. Nearly 40% of mothers’ cortisol crosses the placenta [29]. Gitau et al. [30] measured plasma cortisol concentrations in paired maternal and fetal venous samples at 13 to 35 weeks of gestation. Maternal cortisol levels were higher compared to fetal levels, with a maternal-to-fetal ratio of 11:4. Notably, fetal cortisol concentrations were aligned with maternal cortisol concentrations, indicating concordance. Furthermore, maternal and infant cortisol levels exhibited synchronicity [31,32,33,34]. Associations in salivary cortisol levels are evident between mothers and their infants, preschoolers, elementary school-aged children, as well as adolescent offspring [32,34,35,36]. Notably, the associations observed in salivary cortisol levels extend beyond genetically related individuals, encompassing unrelated individuals such as young adults involved in dating relationships and spouses in long-standing marriages [37,38]. Cortisol and testosterone have been extensively analyzed in relation to various aspects of human physiology and behavior, including their potential roles in parenting behavior. The interplay between these two hormones has been of particular interest in understanding the complexities of caregiving dynamics between parents and their children. In a study conducted by Bos and colleagues [39], the objective was to examine the connection between the observed quality of caregiving during parent–child interactions and the pre- and postnatal cortisol and testosterone levels in both mothers and fathers. The sample for this study included 88 mothers and 57 fathers who engaged in parent–child interactions. To evaluate basal levels and steroid reactivity, cortisol and testosterone were assessed before and after interactions with an infant simulator (during the prenatal period) and with their own child (during the postnatal period). The researchers postulated that the combination of cortisol and testosterone levels would be linked to the quality of caregiving displayed by parents. The findings revealed notable differences between mothers and fathers in terms of the associations between the two hormones and caregiving quality. In fathers, the interactions between cortisol and testosterone played a crucial role in predicting caregiving quality both before and after the birth of their child. Specifically, fathers with lower cortisol levels showed a stronger negative relation between testosterone and caregiving quality during the prenatal period. This result suggests that the interplay between cortisol and testosterone levels may influence how fathers engage in caregiving behaviors even before the birth of their child. Furthermore, during the postnatal testing, fathers with higher testosterone levels exhibited a stronger negative association between cortisol and caregiving quality. These findings suggest that higher levels of testosterone in fathers, combined with lower cortisol levels, may have implications for their caregiving behaviors. This study also found that prenatal cortisol levels were related to paternal caregiving quality during interactions with their child, further emphasizing the potential influence of hormonal factors on paternal responsiveness. In contrast, no significant associations were observed between caregiving quality and the endocrine measures in mothers. This lack of association between cortisol, testosterone, and caregiving quality in mothers warrants further investigation and may suggest that other factors, such as oxytocin or progesterone, could play more instrumental roles in maternal caregiving behaviors. Overall, the study by Bos and colleagues provides valuable insights into the intricate in- terplay between cortisol and testosterone in shaping parenting behaviors, particularly in fathers. These findings contribute to the growing body of research exploring the hormonal antecedents of human caregiving behavior and highlight potential sex differences in the hormonal regulation of parental involvement and responsiveness.



Salivary alpha-amylase is an enzyme biomarker for sympathetic nervous system activity. Davis and Granger [40] established that maternal and infant salivary alpha-amylase levels are positively correlated at 6, 12, and 24 months of age, providing evidence for synchrony in maternal and infant sympathetic nervous system coregulation. Levels were not associated at 2 months, suggesting that sympathetic coregulation of salivary alpha-amylase matures or depends on shared experience. It is important to note at this juncture that many studies in the tradition of documenting coregulation are correlational in nature, and establishing the direction of effects in a correlation remains a challenge. As the truism goes, “Correlation is not causation”. In consequence, further research is needed to fully elucidate complex hormonal processes underlying caregiving behaviors in mothers and fathers alike as well as their implications for child development.




3. Autonomic Nervous System Coregulation


The autonomic nervous system (ANS) controls the involuntary and primarily subconscious physiology-regulating functions through up-regulation (arousing) and down-regulation (soothing). Cardiac function and blood pressure are important components of the ANS, which assess self-regulatory physiological processes that function to maintain internal homeostasis. Children and mothers share characteristic autonomic response styles that are reflected in similar patterns of ANS co-regulation. Indeed, parent–offspring correlations in such rapidly fluctuating ANS indices as heart rate and blood pressure have been reported [41], even when parents and children are tested on different occasions using different procedures. A hypothesized function of ANS coregulation for the child may be to facilitate biological and behavioral homeostatic self-regulation.



Cardiac vagal tone is defined as the level of activity in the vagus nerve that influences heart rate and is conceptualized as an index of stress [42]. It has been applied to understand physiological substrates of self-regulation, information processing, temperament, and emotion from infancy through adulthood [43]. Vagal regulation during environmental challenge—the capacity to engage and disengage vagal outflow—is an appropriate response to stimulation or stress. Baseline-to-task change in vagal regulation serves as an index of vagal regulatory function. Bornstein and Seuss [44] measured baseline and task vagal regulation in mothers and their children at 2 months and at 5 years and calculated parent–child coregulation at baseline and as baseline-to-task change. Although no baseline coregulation was found, baseline-to-task change in vagal regulation showed marginally significant mother–child concordance at 2 months and significant coregulation at 5 years. Vagal tone in depressed mothers and their infants resemble one another as well [45], an association that could reflect coregulation or similar mother and child styles of approach to tasks.



Several studies have specifically focused on how the autonomic nervous system of infants responds to maternal stimuli, highlighting the bidirectional influence between mothers and their infants. Esposito and colleagues [46] examined infant calming responses during maternal carrying in both humans and mice. This study aimed to investigate the physiological and behavioral effects of maternal carrying on infants and to explore processes involved in this response. The authors [46] reported experiments on human infants and mouse pups, observing similar calming responses in both species when carried by their mothers. These responses included decreasing of distress vocalizations, reduced motor activity, and increased heart rate variability (HRV), indicating a more adaptive autonomic state. Furthermore, Ref. [46] explored the neural pathways involved in the calming response to maternal carrying. They identified the involvement of the parasympathetic nervous system, particularly the vagus nerve, in regulating heart rate variability during maternal carrying. Activation of the vagus nerve was associated with observed increase in HRV, indicating enhanced autonomic regulation.



Another relevant study in this area is a recent work by [47], which employed a combination of physiological analyses and dynamic mother–infant interactions to disentangle the intricate responses of infants to maternal holding and transport. The findings demonstrated that infants’ cries diminished when their mothers carried them or when reciprocal motion was facilitated by a moving cot, highlighting the significance of both maternal carrying and motion in soothing infants. Maternal holding alone did not exhibit the same effect. The authors also found that 5-min carrying promoted sleep in crying infants, even during the daytime when infants were typically awake.The study also revealed that the sleep outcome after laydown was associated with the sleep duration before the laydown onset. Together, these studies [46,47] provide valuable insights into the automatic responses of the infant autonomic nervous system to maternal stimuli. They shed light on the physiological and neurobiological mechanisms underlying the calming effects of maternal carrying, involving factors such as oxytocin signaling, vagal activation, and enhanced autonomic regulation. Understanding these processes can contribute to the development of effective interventions for soothing and promoting sleep in infants, ultimately benefiting both infants and their parents. There is a long tradition in the field of comparative physiology surrounding human and mice carrying and calming behaviors. Nonetheless, this literature should be supported with additional research to determine if these behaviors are synonymous across species. Drawing direct inferences about human behavior from mouse studies may not be entirely appropriate without further investigation and validation. More research is needed to enhance our understanding of these behaviors and their potential cross-species similarities and implications.



Several studies have also investigated autonomic nervous system responses of mothers to their infants’ stimuli, highlighting the intricate and bidirectional nature of the mother–infant relationship. Two notable examples of such studies are the research conducted by Ohmura and colleagues [48] and by Doi and colleagues [49]. Ohmura and colleagues [48] explored maternal physiological calming responses during breastfeeding. They investigated maternal activities and autonomic nervous system dynamics using behavioral measures and a Holter electrocardiogram. The study revealed that during breastfeeding, mothers exhibited reduced verbal communication and lower heart rate compared to sitting with the infant without breastfeeding. Moreover, measurements of maternal heart rate variability indicated higher parasympathetic activity during breastfeeding. These findings suggested that somatosensory stimuli of breastfeeding, such as tactile stimulation at the breast, activate parasympathetic activity in mothers, facilitating a calming response in the infants. Doi and colleagues [49] focused on the inaudible components of the human infant cry and their influence on maternal hemodynamic responses. The researchers found that the human infant cry contains ultrasonic components, similar to distress vocalizations in other mammalian species. Notably, mothers themselves were not consciously aware of these ultrasonic components, but their presence, in combination with audible components, led to increases in oxygenated hemoglobin concentrations in mothers’ breast region. This modulation occurred when the body surface was exposed to the ultrasonic components, providing novel evidence of the role played by ultrasonic signals in human mother–infant interaction. These studies exemplify autonomic nervous system responses of mothers to infant stimuli. The maternal calming responses observed during breastfeeding and the modulation of hemodynamic responses by ultrasonic components of the infant cry underscore the complex and dynamic nature of maternal–infant interactions. Understanding these automatic physiological responses can contribute to a deeper comprehension of processes underlying the abiding and unique bond between mothers and their infants, ultimately benefiting both.




4. Central Nervous System Coregulation


The central nervous system (CNS), consisting of the brain and spinal cord, integrates information it receives from, and coordinates and influences the activity of, all parts of the body. Some CNS areas (see below) have been described as the mirror neuron system and support spontaneous imitation and intersubjectivity between mothers and infants at the level of the CNS [50,51,52,53,54]. Imitation and intersubjectivity are processes that give evidence of coregulation.



Presenting mothers with smiling pictures of their own infants compared to unfamiliar infants leads to heightened brain activity [55,56]. Furthermore, the brain activation of mothers viewing pictures of their own infants is positively correlated with pleasant mood ratings and affective responses towards their child [57]. In a study conducted by Strathearn and colleagues [56], functional magnetic resonance imaging (fMRI) was employed to examine the neural responses of mothers to their own infant’s facial expressions, specifically comparing happy, neutral, and sad faces. The research involved 28 first-time mothers who were presented with novel face images of their own 5- to 10-month-old infant as well as a matched unknown infant. The findings revealed that key brain regions associated with dopamine-mediated reward processing exhibited activation when mothers viewed their own infant’s face compared to an unfamiliar infant’s face. These regions included the ventral tegmental area/substantia nigra, the striatum, and various frontal lobe areas involved in emotion processing, cognition, and motor/behavioral outputs. Importantly, happy infant faces specifically activated interconnected regions mediated by dopaminergic neurons, such as the substantia nigra and dorsal putamen. The activation in these regions was associated with positive infant affect, with happy faces eliciting stronger responses compared to neutral and sad faces. This study provides valuable insights into neural mechanisms that underlie the distinctive bond between mothers and their infants, offering a glimpse into the neural basis of mother-infant attachment and the integration of affective and cognitive information in maternal caregiving.



Bornstein and colleagues Bornstein et al. [58], Esposito and colleagues [59], and Mash and colleagues [60] took pictures of mothers and babies visiting their laboratory and showed pictures of their own and appearance-matched babies to mothers, and pictures of their own and appearance-matched mothers to babies, for 500 ms each while recording EEG. Differentiated electrical responses of 3-month-old infants when presented with images of familiar and unfamiliar faces were observed in three specific time windows: 370–480 ms, 610–690 ms, and 830–960 ms. These responses demonstrated event-related synchronization or desynchronization in the beta or gamma frequency bands at specific sites including the left frontal, midline central, bilateral temporal, and right parietal regions. These findings provide evidence of organized brain activity underlying maternal face recognition in very young infants. Additionally, the study revealed that the maternal nervous system becomes attuned through just 3 months of experience with their own infant. When primipara mothers of the 3-month-olds viewed images of their own infant and an unfamiliar but appearance-matched infant, distinctive late-wave responses (N/P600 “familiar/novel”) were observed, indicating recognition sensitivity based on their 3 months’ experience with their own infant’s face. These findings highlight the specialized nature of infant brain responses to their mother at an early age, suggesting that information in the mother–child dyad is processed differently as a result of co-regulation.



Human infant faces also trigger a network of brain activation in mothers involving premotor regions and the supplementary motor area (SMA), which are implicated in preparation and intention to move and respond and to communicate [61,62,63]. SMA, along with lateral premotor areas, generates a “readiness potential” that antecedes movement and is considered the neural correlate of intentional movement planning that can be measured even when people are unaware of their intention to move [64,65,66,67]. Neuroimaging studies indicate that infant faces activate a “readiness” to interact with babies. SMA (called the “starting mechanism of speech” [68,69]) is also critical in preparing a verbal utterance and initiating vocal tract movements during speech production. In an fMRI study, Caria et al. [70] found enhanced activity of SMA to human infant faces vis-à-vis faces of infant animals and mature humans and animals. Caria also found enhanced brain activation patterns commonly associated with emotion recognition and evaluation [71,72], as well as simulation of others’ emotional experiences [73,74]. Activation of the thalamo-cingulate circuit and insula occurs when participants decode another person’s emotional states based on facial cues and then evaluate their own emotional responses to those faces [54,75]. This observed neural activity may subserve adults’ readiness to empathize with infants’ emotional expressions, a vital ingredient of coregulation.




5. Neural Coregulation


The concept of neural attunement has emerged as an innovative approach in neuroscience, directing attention to the investigation of human sociability within structured or ecologically valid real-time reciprocal social interactions [76,77,78,79,80]. Traditional cognitive studies often emphasize individual processes; however, there is growing evidence that neural activities can become coordinated between two individuals through environmental signals, such as face-to-face social interactions [81,82,83,84]. This phenomenon, referred to as neural synchrony (or here coregulation), is believed to facilitate effective communication and behavioral coordination between individuals [85,86]. Hyperscanning studies, which involve simultaneous recording of brain activities from multiple individuals, have proven valuable in unraveling neural coregulation in interpersonal dynamics [87]. Through examination of inter-brain correlations, these studies have provided insights into neural mechanisms underlying social interactions [88,89,90]. Notably, cooperative activities are associated with increased neural coregulation or synchrony between brains [83,91,92]. In the context of joint play, for example, theta neural oscillations observed in mothers’ brains predict attention in their 12-month-old infants [93]. However, studies have reported mixed findings regarding the patterns of brain synchronization based on the gender composition of dyads, with some studies demonstrating synchrony differences between same-sex and mixed-sex dyads [94,95].



The nature of the relationship between individuals also plays a role in neural synchronization. For instance, female–male romantic partner dyads have exhibited higher inter-brain synchronization in the right superior frontal cortex compared to other types of dyads, such as female–male friends or strangers [96]. In parent–child dyads engaged in cooperation tasks, neural synchronization has been observed in the bilateral prefrontal cortex and temporo-parietal regions [97]. Moreover, the gender composition of the dyads can influence the patterns of synchronization, as mother–son dyads have shown distinct synchronization patterns when compared to mother-daughter dyads [98].



The quality of social interactions in parent–child dyads is also reflected in neural coregulation. For instance, the attitude of fathers toward their parental role is positively associated with neural synchronization between fathers’ and children’s brains during cooperation, which, in turn, is linked to reduced child psychopathology [85,99]. Emotional quality and tone during interactions, as well as parental stress, also affect neural coregulation in parent–child dyads [100,101,102,103]. The synchronization of neural activities between parents and children sometimes reflects emotional connection in the dyad and contributes to the child’s development of adaptive emotion regulation strategies [104,105].



In summary, neural coregulation refers to the alignment of neural activity between individuals, particularly in the context of social interactions. Neural coregulation is influenced by factors such as the type of relationship, gender composition of dyads, and emotional dynamics. Significant progress has been made in understanding neural coregulation in a short amount of time, but further research is needed to explore the nuanced ways in which such synchrony emerges and is dynamically modulated by different factors at different levels of analysis.




6. Behavioral Coregulation


As the foregoing shows, coregulation is a multi-level phenomenon, taking place at hormonal and sympathetic nervous system, autonomic nervous system, and central nervous system levels as well as at brain-to-brain levels. Coregulation is also a regular attribute of interpersonal behavior.



Parents and their offspring share certain psychological characteristics. They exhibit similarities in engaging in physical activity [5,106], cognitive functions [41,107,108,109,110], and even food preferences and disgust or “contamination sensitivity” [111,112]. In addition, mutual parent–child contingencies of eye gaze, facial expressions, prosody in speech rhythms, and attention have been documented [113].



To investigate mother–infant behavioral coregulation, Bornstein and colleagues [114] analyzed vocal contingency data from 796 mother–infant dyads in cultural groups in 11 countries. Mothers vocalize contingently in response to their infants’ vocalizations, and infants tend to vocalize contingently in response to their mothers. Their index of contingency was an odds ratio, the probability that a mother will talk to her infant given that her infant has just stopped vocalizing to her in the last 2 s divided by the mother failing to talk to her infant given that her infant just stopped vocalizing over the mother having talked to her infant in the absence of her infant having just vocalized divided by the mother’s not talking given her infant did not vocalize. Maternal vocalization to infants was contingent on infant vocalization in 9 of 11 countries. Five-month infants’ nondistress vocalizations were also contingent on their mothers’ speech to them in approximately one-half of the countries. Moreover, mother and infant contingency scores were related: Mothers who were relatively more responsive to their infants’ vocalizations had infants who were relatively more responsive to their mothers’ vocalizations overall and in 9 of 11 cultural groups. These findings point to the origins of mother–infant vocalization transactions, and vocal turn-taking reinforces a culture-general result about mother–infant vocal coregulation. In a sense, they reflect a requirement of the nervous system: The human nervous system has considerable difficulty processing two sources of vocal information at the same time.



To investigate more general mother–infant behavioral coregulation and do so on a global level as well, Bornstein and colleagues [115] analyzed data from the same cross-cultural data set, and Bornstein [116] analyzed additional data from mother–infant dyads in two cultural groups in each of five countries. Across cultures, mothers and their 5-month infants show noteworthy behavioral coregulation as well as specificity: Mothers who encourage their infants’ physical development more have more physically developed infants; mothers who engage their infants socially more have infants who reciprocate their social attention more; mothers who encourage their infants didactically more have infants who explore properties, objects, and events in the environment more, as do infants whose mothers outfit their environments in a richer way. In summary, mothers and young infants in a variety of ethnicities, socioeconomic statuses, and cultures around the world are behaviorally attuned with one another; moreover, as noted, behavior coregulation tends to be domain specific. It is noteworthy that mother–child behavioral coregulation is also robust and appears at least partially refractory to certain dysfunctions. For example, the total percentage of time spent in matching behavior states is reduced in depressed relative to nondepressed mother–infant dyads, yet cross-spectral analyses of mother and infant behavior-state time series reveal behavioral coherence in depressed and nondepressed dyads alike [117]. Mothers’ emotional relationships with their children with Down syndrome and cancer are equally attuned as those to mothers with typically developing children [118,119,120].




7. Conclusions


Parent–child coregulation is pervasive and expectable. There are reasons at many levels—genetic to experiential—for these two parties to coregulate. Moreover, socialization is bidirectional, with parents and children actively assuming reciprocal mutually influential and attuned roles. The two partners co-create their shared history over time, and the two shape their evolving relationship [121,122]. Coregulation between parent and child is a cornerstone of children’s biological, socioemotional, and cognitive well-being and adaptation throughout the balance of the life course [15,123,124,125,126]. Understanding different facets of the behavior and biology of coregulation is a dawning focus of theory and research in the developmental and parenting sciences.




8. Future Directions


The studies referenced in this short review form the kernel of a much more thoroughgoing research agendum on parent–child coregulation at multiple levels of life and living. As our understanding of parent–child coregulation continues to evolve, advances in measurement techniques offer exciting possibilities for gaining unprecedented insights into this complex process. Techniques such as hyperscanning, which involves simultaneous neuroimaging of parents and children, have the potential to provide a more comprehensive understanding of the neural underpinnings of coregulation. Hyperscanning techniques, including EEG, fNIRS, and even fMRI, allow researchers to investigate the real-time neural dynamics of parent–child interactions, shedding light on intricate patterns of brain activity that contribute to mutual regulation. By employing these advanced measurement techniques, researchers can explore the neural synchrony, neural activation patterns, and connectivity between parent and child during different interactive tasks. This cutting-edge approach has the potential to reveal neural mechanisms that facilitate successful coregulation and identify potential disruptions in parent–child dyad relationships. Furthermore, hyperscanning techniques can help elucidate how the quality of coregulation relates to various aspects of child development, including socioemotional, cognitive, and behavioral outcomes. While the application of hyperscanning techniques in the study of parent–child coregulation is still in its nascent phase, its promising potential offers a rewarding pathway for future research. With further advances in technology, we anticipate that these measurement techniques will become more accessible, allowing for larger-scale studies and the examination of coregulation in diverse populations and contexts. The field of parent–child coregulation is expanding, with recognition of its significance for child development and parenting science growing. Future research in this area, leveraging innovative measurement approaches, will undoubtedly enhance our understanding of the intricate coregulation of parents and children and its implications for child development and well-being.
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